Volume 1 -Issue 2 | DOI: http://dx.doi.org/10. 16966/2578-9589.108 where most cases are reported [1]. Between 2000-2015, malaria incidence rates fell by 37% globally, and by 42% in Africa. During this same period, malaria mortality rates fell by 60% globally and by 66% Africa [2] . Several factors, including increased research financial support, effective vector control, effective malaria diagnosis and immediate and effective treatment regimens have been important factors in decreasing the burden of malaria-affected countries. The appearance and spread of resistant parasites to multiple antimalarial agents represent one of the greatest challenges to controlling the disease. Malarial drug resistance is associated with increased morbidity, mortality, and poverty in many countries where malaria is endemic [3, 4] . Thus, it imposes a constant pressure to continue finding new antimalarial drugs for treating the several forms of malaria [5] .
where most cases are reported [1] . Between 2000-2015, malaria incidence rates fell by 37% globally, and by 42% in Africa. During this same period, malaria mortality rates fell by 60% globally and by 66% Africa [2] . Several factors, including increased research financial support, effective vector control, effective malaria diagnosis and immediate and effective treatment regimens have been important factors in decreasing the burden of malaria-affected countries. The appearance and spread of resistant parasites to multiple antimalarial agents represent one of the greatest challenges to controlling the disease. Malarial drug resistance is associated with increased morbidity, mortality, and poverty in many countries where malaria is endemic [3, 4] . Thus, it imposes a constant pressure to continue finding new antimalarial drugs for treating the several forms of malaria [5] .
Strategies are being developed to rationalize anti-malarial drug design, especially by disrupting essential parasite biosynthetic pathways, e.g., inhibition of dihydroorotate dehydrogenase [6] , Plasmodium falciparum lactate/proton symporter [7] , parasite proteases [8] , triose phosphate isomerase, glyceraldehyde-3-phosphate dehydrogenase, and aldolase [9] . Hundreds of quinone derivatives have been investigated for their antimalarial activity [10] , with atovaquone reaching clinical use, especially in combination with proguanil, which is sold under the trade name Malarone®. Our research group has worked in the search of new drug leads for malaria and others tropical diseases. Herein, we present the synthesis and in vitro anti-plasmodial activity testing results of fourteen 2-methyl-3-carboxyl-naphtho [2,3-b] furan quinone derivatives (FNQ).
Material and Methods

Chemistry
General: All solvents were P.A. grade, previously purified and maintained over molecular sieves 4 Å. Reactions were conducted under anhydrous conditions and N 2 atmosphere
Introduction
Malaria is one of the main causes of death worldwide. According to the World Malaria Report 2017, a publication of the World Health Organization, 91 countries reported a total of 216 million cases of malaria and 445,000 deaths in 2016. Malaria afflicts tropical and subtropical countries around the world, but is particularly prevalent on the African continent, C were measured on BRUKER Advance Instrument, at 400 and 100 MHz, respectively at 27°C with deuterated chloroform or deuterated d6-dimethyl sulfoxide (DMSO) as solvents, and tetramethylsilane (TMS) as an internal standard. Chemical shifts (δ) are given in ppm and coupling constant (J) in Hertz. Infra-red (IR) was recorded using a Shimadzu FTIR-8400 and KBr pellets and the data expressed in cm -1
. High Resolution Mass Spectrometry (HRMS) were measured on maXis ETD high-resolution ESI-QTOF mass spectrometer (Bruker) controlled by the Compass 1.5 software package (Bruker). Data dependent fragment spectra were recorded using a collision energy range between 15 and 60 eV. Ion cooler settings were optimized within a 40-1000 m/z range using a calibrant solution of 1 mM sodium formate in 50% 2-propanol. HRMS data showed as adduct of M+H and/or M+Na and the deviation of the theoretical molecular weight in ppm. Purifications of the compounds were performed using preparative Reverse Phase High Performance Liquid Chromatography (RP-HPLC), using a preparative Shim-pack C18 column and Shimadzu HPLC System and CH 3 CN-H 2 O/ MeOH-H 2 O as solvents or normal phase (silica gel 60) using hexane/ethyl acetate as solvents. Reactions were monitored by TLC using HF 254 silica plates (Merck) and MeOH/ dichloromethane (DCM) as eluents and spots visualized under visible light or in a UV chamber. Lipophilicity (log P) and solubility in water (log S) were predicted theoretically by means of DataWarrior Software V.4.7.2 (www.openmolecules.org/ propertyexplorer/).
Synthesis:
Compound 1 was prepared as previously described by Hu et al. [11] . Compound 2: In a 100 mL capacity flask were placed 2.84 g of 1 (10 mmol) and 100 mL of glacial acetic acid, 1 ml of water and 0.1 mL of conc. HCl. The system was put under reflux for 3 hours and then cooled on ice. The precipitated yellow solid was filtered through sintered filter, collected and dried to furnish 2.50 g of 2 (9.8 mmol). Compound 3: In a dry flask 100 mL were placed 256 mg of 2 (1 mmol), 412 mg of DCC (N,N'-Dicyclohexylcarbodiimide, 2 mmol) and 30 mL of anhydrous N,N-dimethylformamide (DMF). The mixture was stirred with a magnetic bar for 4 hours at room temperature until its color changed to dark yellow. The mixture was dried under vacuum and the residue was purified in preparative silica gel column (I.D 3.0 cm; length 45 cm) using hexane-ethyl acetate gradient. Fractions of 50 mL were collected and analyzed by HRMS. After dried over vacuum it yielded 203 mg of 3 (0.44 mmol). Compounds 4-13: To sealed dried vials was added 1.0 g of Wang resin (0.6-1.0 mmol/g, Sigma-Aldrich), 520 mg PyBOP (1.0 mmol) and 0.6-0.8 mmol of the respective FMOC (Fluorenylmethyloxycarbonyl)-protected aminoacids, HOOCaa-FMOC (Sigma-Aldrich), in 30 mL of anhydrous N-methyl morpholine solution (NMM) in DMF (3%). The system was stirred for 4-48 hours. After filtration of the reaction mixture, the resin was washed three times with anhydrous DMF, and stirred with a solution of piperidine in DMF (20%) for 10-60 minutes.
The resin was again filtered and washed as above, to yield the Wang resin loaded with the FMOC protected aminoacid. Each of these Wang-aa was added to sealed flasks containing 25.6 mg (0.1 mmol) of 2 and 570 mg PyBOP (1.1 mmol) in 5 mL of anhydrous solution of N-methyl morpholine solution (NMM) at 3% in DMF. This system was stirred for 4-16 hours, filtered and washed with DMF. The FNQ-aa-Wang resin was washed with TFA:DCM 1:1 during 1-3 hours to cleave the FNQ-aa and the yellow acidic liquid collected. After elimination of the solvent and TFA the crude product was purified by RP-HPLC. Chromatographic separations were performed in C18 Shim-pack preparative column (I.D. 2.5 cm; length 25 cm) and H 2 O/CH 3 CN 10-100% at 1 mL/min in 50 minutes, yielding the respective pure FNQ-aa (Table 1 ). Compound 14: In a dry sealed vial, 1100 mg of PyBOP (Benzotriazol-1-yloxytripyrrolidino-phosphonium, 2.1 mmol) were mixed with 570 mg of 2 (~2.2 mmol) and a 3% solution of anhydrous N-methyl morpholine (NMM) in DMF (50 mL) added. After complete dissolution, 200 µL (72.3 mg, ~2.0 mmol) of spermidine were added and stirred for 30 minutes at room temperature. A brown solid was formed. The mixture was filtered, and the liquid phase was evaporated to dryness and purified by RP-HPLC using C18 Shimpack column and H 2 O/CH 3 CN 10-100% in 50 minutes yielding ~200 mg of 14 (0.32 mmol).
Biology Biological tests
In vitro assay with Plasmodium falciparum culture: The compounds were tested against the P. falciparum parasite erytrocytic asexual stages using a chloroquine-resistant and mefloquine-sensitive W2 clone [12] cultured at 37°C as previously described [13] . The activity was measured using the SYBR assay with the parasite suspension (0.5% parasitemia and 2% hematocrit), as previously described [14] . Briefly, the test compounds, in serial dilutions, were incubated in "U" bottom 96-wells plates. After 48 h at 37°C, the culture supernatant was removed and replaced by 100 µL of lysis buffer solution [Tris (20 mM; pH 7.5), EDTA (5 mM), saponin (0.008%; wt/vol), and Triton X-100 (0.08%; vol/vol)] followed by addition of 0.2 µL/ mL SYBR Safe (Sigma-Aldrich, Carlsbad, CA, USA). The plate content was transferred to a flat bottom plate and incubated in the dark for 30 min. The plate was read in a fluorometer (Synergy H4 Hibrid Reader, Biotek) with excitation at 485 nm and emission of 535 mm. In all tests, the compounds activities were expressed by the 50% inhibitory concentration of the parasite growth (IC 50 ) when compared to the drugfree controls and estimated using the curve-fitting software Origin 8.0 (OriginLab Corporation, Northampton, MA, USA). Compounds with IC 50 great than 20 µM were classified as not active, and less than 20 µM were considered as active. The chloroquine was used as antimalarial reference drug.
Toxicity to a mammalian cell line: The monkey kidney cell line (BGM) (ATCC, Manassas, VA, USA) was used In vitro results are representative of at least two independent experiments. + Theoretical predicted lipophilicity described as log P octanol/water where P =([solute] octanol /[solute] water ). ++ Theoretical solubility in water described as log S where S=solubility in mol/l, pH=7.5, 25°C *Antiplasmodial activity evaluated using SYBR test. **Cytotoxicity evaluated by the incorporation of neutral red uptake assay. ***Selectivity Index obtained from the ratio MDL 50 and IC 50 , where SI ≤ 10 was indicative of toxicity. NT: Not tested; NA: not applicable. 5 cells/mL) and incubated for 18 h at 37°C to ensure cell adherence. The BGM cells were incubated with 20 µL of the drugs at different concentrations (≤ 1,000 µg/mL) for 24 h in a 5% CO 2 at 37°C. The cell viability was expressed as the percentage of control absorbance obtained from the untreated cells after subtracting the appropriate background. The drug lethal dose of cells was determined using at least duplicate tests to calculate the dose that killed 50% of the cells (MLD 50 ), as described by do Céu de Madureira et al. [15] .
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The neutral red uptake assay was used to evaluate the lysosomal integrity and distinguishes live cells from dead by its ability of incorporate the dye [16] . Briefly, to each well was added 0.2 mL medium containing 50 µg/mL of neutral red solution. The plate was incubated for another 3 h at 37°C to allow for the uptake of the vital dye into the lysosomes of viable uninjured cells. After removal of medium, 200 µL of a mixture of 0.5% formaldehyde-1% CaCl 2 was added to the cells, and incubated by 5 min. The supernatant was removed and 100 µL of a solution of 1% acetic acid-50% ethanol was added to each well to extract the dye. After homogenization, the optical density of each well of the plate was measured using a 540 nm wavelength on a spectrophotometer. This absorbance has shown a linear relationship with the number of surviving cells. The ratio between drug cytotoxicity (MLD 50 BGM) and activity (IC 50 W2) was used to estimate the selective index (SI), as shown before [17] , where SI less than 10 was indicative of toxicity.
Results and Discussion
Our studies aimed at synthesizing and testing the in vitro activity of FNQ derivatives against P. falciparum. According to Basselin et al. and Carrillo et al. [18, 19] , amino acids, amine derivatives, and endogenous polyamines, such as spermidine and putrescine play important roles as molecular transporters and in maintaining cell homeostasis in the different life-cycle stages of different protozoan parasites. Considering that some quinones possess potent antimalarial activity, we speculated that the conjugation of an FNQ with an amino acid/spermidine could help to increase its intracellular concentration, resulting in more potent or selective compounds. We thus envisaged the condensation of the amino group of several amino acids with the carboxyl group in FNQ (2). Subsequently, starting from the easily prepared ester 1, using an established protocol the corresponding acid (2) was obtained after acid hydrolysis. This FNQ carries a carboxyl group and was used as a building block to produce corresponding amides with ten different amino acids.
Previous experiments were performed using DCC as the coupling reagent; however, we observed after purification and analysis of the spectroscopic data the occurrence of a rearrangement to afford compound 3. The rearrangement of the acidic-DCC specie halts to complete the amidation reaction [20] (Scheme 1).
We adopted solid-phase peptide synthesis using FMOCprotected methodology for construction of ten FNQ-amino acid derivatives [21] . Briefly, Wang resins preloaded with different N-FMOC-protected amino acids (aa) were treated with piperidine to remove the FMOC protecting group. The unprotected amino group was condensed with FNQ with the aid of PyBOP in the presence of N-methyl morpholine. Finally, the condensation products were released from the resin with TFA (Scheme 2) and purified by reversed phase chromatography to yield the pure compounds 4-13.
As a result of a large screening of synthetic compounds against P. falciparum conducted by several groups worldwide in 2010, it was found that the amide obtained from FNQ (2) Scheme 1: Mechanism of amidation using DCC as a coupling reagent, and the formation of the rearrangement product. 
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Open Access Journal and isopentylamine, despite its relatively low activity (IC 50 of 1.2 µM against the Pf3D7a clone), showed a synergistic effect with artemisinin, indicating a dramatic reduction of its IC 50 (22 nM) in the presence of this antimalarial at its IC 10 concentration (20 nM) [22] . These results led us to evaluate the activity of the compound prepared by condensing FNQ with spermidine. Analysis of the spectroscopic data of the synthetic products showed that they corresponded to a mixture of mono-(minority) and di-(majority) FNQ-spermidine derivatives, such as compound 14.
The yields for all compounds synthesized, and the antimalarial activity data are summarized in table 1. According to table 1, low yields of the FNQ-amino acid derivatives (4-13) were observed, varying from 9 to 36%. The global reaction occurred in several steps starting from a small amount of material (0.1 mmol). The experimental conditions were not optimized to improve yield, and it was noticed that starting material, as well as some byproducts and a final complex crude product were purified. All these non-optimized steps contributed to a low yield.
The results obtained clearly show the structure-activity dependence of the ligands to the core of the FNQ. Compounds where IC 50 was greater than 20 µM were classified as inactive and their respective MDL 50 and SI values were not determined (2, 6 and 11), because the selectivity index is only determined for active samples. The active compounds, where IC 50 values were less than 20 µM showed SI values ranging from 5 to 75.
Several factors inherent to the structure of the drug contribute to biological activity. As biological assays occur in aqueous medium, the availability of the drug depends on their solubility in aqueous medium and their respective lipophilicity. Very hydrophobic compounds (log P>5) are difficult to dissolve in aqueous medium and have low assimilation because of their inherent low capacity to travel across membranes of the parasite to act inside the cytoplasm and/or nucleus [23, 24] . In the same way, the stereochemistry of the substance is a crucial condition to allow recognition by enzymes.
When testing the FNQ-amino acids series we noticed that those containing aryl residues were not active (6, 11) ; alkyl residues showed dependence on their structure. For example, the SI of isopropyl (7) is greater than SI of methyl (4) is greater than SI of sec-butyl (5). Amine terminal residues (9, 10) showed SI values higher than the acidic terminal (12) . Hydroxy terminal (13) residues were shown to be toxic.
Out of the amino acids series, the compounds 1¸2, 3 and 14 represent a myriad of functional groups and activities ranging from 50 nM and SI values of 75 (14) or were toxic (2) . In terms of hydrophobicity, the compounds where SI>10 (4, 7-10, 14) showed a large range of values for log P, varying from -0.14 to 4.75 (10 and 14, respectively); this means that an order of hydrophobicity of almost 10 5 times lies between them. In terms of solubility in the aqueous medium, the range for log S was from -4.94 to -9.78 (4, 14 respectively) and an order from 11.3 µM to 0.14 nM.
Our preliminary studies for drug discovery against neglected diseases and/or diseases where the therapeutic arsenal is not supported led us to present the results of the activity from FNQ derivatives as candidates for drug development. It was shown that modifications in the lateral chain of the FNQ core modified the activity results; thus, this position on the FNQ core is a crucial site in the mechanism of action of the drug against parasites.
We determined that the glutamine-FNQ (9) and the spermidine-FNQ derivatives (14) were good candidates for study, because their SI levels were higher than 10. These drugs could be used as co-adjuvants to increase the potency of reference drugs against resistant parasites, but studies regarding their mechanism of action need to be performed. 2-methyl-4,9-dioxo-4,9-dihydronaphtho[2,3-b] furan-3-carbonyl)amino]propanoic acid
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